INTRODUCTION {#sec1-1}
============

There are various terms of obesity loosely used such as abdominal obesity, abdominal adiposity, body fat percentage, and predictors for obesity. Body mass index (BMI) is the most commonly used parameter to measure abdominal obesity for determining whether someone may be defined as obese, overweight, or normal weight. BMI is the person\'s weight in kilograms divided by the square of the height in meters. Many epidemiological studies have demonstrated that different anthropometric measures for abdominal obesity such as BMI, waist circumference (WC), and waist-hip ratio (WHR) are strong and consistent predictors for noncommunicable diseases such as type 2 diabetes mellitus\[[@ref1]\] and cardiovascular disease (CVD).\[[@ref2]\]

World Health Organization (WHO) guidelines state that alternative measures that reflect abdominal obesity such as WC, WHR, and waist-to-height ratio (WHtR) have been found to be superior to BMI.\[[@ref3]\] A study among Chinese population demonstrated that while BMI and WC were found to be the important indices of obesity, WC was found to be the best measurement of obesity whereas WHR could be used as an alternative indicator for obesity.\[[@ref4]\] Similarly, WC was also found to be a simple and more accurate predictor of type 2 diabetes mellitus than other indices such as BMI and WHR.\[[@ref5]\]

WHR was suggested as better anthropometric measure for estimating the risk of type 2 diabetes mellitus, and the optimal cutoff values of 0.89 for men and 0.82 for women was set for Asian population such as in the Taiwanese population.\[[@ref6]\] Furthermore, another study done in Iran by Hajian-Tilaki and Heidari\[[@ref7]\] concluded that WC and WHtR exhibited are slightly better performance than BMI for diabetes in both sexes, particularly among women. In addition, hypertensive patients had a significantly higher WHR (\>0.9) as well as a significantly higher BMI (\>25 kg/m²) compared to the normotensive one.\[[@ref8]\]

WC is an important measure of abdominal obesity compared to WHR, which can be low in some obese people because of high hip circumference (in denominator). Sometimes it is difficult in clinical setting to obtain an accurate measurement of hip circumference as compared to WC. In another study, WHR managed to identify more women in the underweight and normal groups as abdominally obese than did WC. A high WHR in a nonobese woman would also suggest that the hip circumference was low.\[[@ref9]\] Although many research works have been done worldwide on various aspects of anthropometric measurement to predict the risk of obesity-related diseases, the correlation of BMI with WC and WHR has seldom been addressed among Rural Malaysian population.

The aim of this study was to determine the correlation between BMI with WC and WHR and suggest cutoff points for WC among respondents from three villages in Tanjung Karang, Selangor, Malaysia.

METHODS {#sec1-2}
=======

Study design and participants {#sec2-1}
-----------------------------

A cross-sectional study was conducted among Malaysian population in three villages in Tanjung Karang, located in the district of Kuala Selangor about 15 km away from the town of Kuala Selangor, Malaysia. Malaysian citizens aged 18 years and above were recruited to participate in the study, which was carried out from June to September 2011. The simple random sampling procedure was used to choose the respondents from the name list of villagers. Those who refuse to participate and pregnant women were excluded. The total sample size of 669 was calculated\[[@ref10]\] with mean difference and combine the standard deviation (SD) of WC (*n* = 360, mean: 89.90 \[10.78\] for male and WC (*n* = 412, mean: 88.02 \[12.23\] for female.

Study tools {#sec2-2}
-----------

Data collection was carried out by guided questionnaires consist of two sections; section A for baseline characteristic and B for anthropometric measurements.

Weight was measured to the nearest 0.1 kg using electronic weight scale (model 770: Seca, Germany) with the respondents lightly clothed height was measured to the nearest 0.5 cm with measuring tape while the respondent stood still without shoes. BMI was calculating by the formula, BMI = weight (kg)/height (m²). The respondents were divided into four categories based on their BMI according to the BMI cutoffs points (Caucasian) as follows, underweight (BMI \<18.5), normal (18.5--24.9), preobese or overweight (25--29.9), and obese class (BMI ≥30) (WHO 2008) and BMI cutoff points (Asian) as follows; BMI \<18.5 kg/m² (lean or underweight), between 18.5 and 22.9 kg/m² (normal), between 23 and 27.49 kg/m² (overweight) and 27.5 kg/m² or above as (obese).\[[@ref11]\]

WC was measured at the end of several consecutive natural breaths, at the level parallel to the floor, midpoint between the top of the iliac crest and the lower margin of the last palpable rib in midaxillary line.\[[@ref3]\] The data were analyzed using cutoffs points for Caucasians (94 cm in men and 80 cm in women) and cutoffs points for Asians (90 cm in men and 80 cm in women).\[[@ref3][@ref12]\]

WHR was calculated by dividing WC (in cm) by hip circumference (cm). Hip circumference was measured at a level parallel to floor, at the largest circumference of the buttocks. The cutoffs points (Caucasian) of WHR used (\>1 in men and \>0.85 in women)\[[@ref13]\] and cutoffs points for Asians used (0.95 in men and 0.80 in women)\[[@ref14]\] denote abdominal obesity. Average of two readings was used for analysis.

Research ethics {#sec2-3}
---------------

The study was approved by the Medical Faculty, Universiti Kebangsaan Malaysia. Permission to enter the villages was obtained from the head villages and the respondents provided with informed consent. All co-researchers were briefed and trained before data collection.

Statistical analysis {#sec2-4}
--------------------

Data were analyzed using SPSS version 19 (IBM SPSS Statistics for Windows, Armonk, NY: IBM Corp) for descriptive and correlation analysis. Descriptive analysis used for continuous variables was mean and SD while categorical data were presented as frequency and percentage. Pearson\'s correlation (*r*) was conducted to determine the correlation of BMI with WC and WHR. Receiver operating characteristic (ROC) curve was used to show if the optimal cutoff points of WC for this particular population is similar or different with the standard cutoff points for Caucasian. Statistical significance was set at *P* \< 0.05.

RESULTS {#sec1-3}
=======

[Table 1](#T1){ref-type="table"} shows that out of 669 respondents, 273 (40.8%) were male and 396 (59.2%) were female. Female had higher mean of BMI compared to male respondents while males had higher mean of WC and WHR compared to female respondents. BMI cutoff points for Caucasian identified lower total prevalence of overweight and obese compared to cutoff points for Asian (44.2% and 60.0%, respectively) \[[Table 2](#T2){ref-type="table"}\]. Among the male respondents, Caucasian BMI cutoff points showed lower prevalence of overweight and obese respondents compared to Asian cutoff points. Nevertheless, Caucasian BMI cutoff points showed higher prevalence of overweight respondents compared to Asian cutoff points among the female respondents.

###### 

Abdominal obesity based on 3 indicators among Malaysian adults (2011) (*n*=669)

![](IJPVM-7-82-g001)

###### 

Prevalence of abdominal obesity across body mass index class based on Caucasian and Asian cutoff points among Malaysian adults (2011) (*n*=667)
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[Table 3](#T3){ref-type="table"} indicates that, based on Caucasian cutoff points for WC and WHR, the male respondents had the prevalence of abdominal obesity of 23.8% and 6.2%, respectively. Whereas. Asian cutoff points for WC and WHR identified higher prevalence of abdominal obesity among the male respondents (37.4% and 26.4%, respectively). Both cutoff points identified similar prevalence of abdominal obesity for WC among the female respondents. However, the Asian cutoff points for WHR showed a higher prevalence of abdominal obesity among female respondents.

###### 

Prevalence of abdominal obesity according to waist circumference and waist-hip ratio across gender among Malaysian adults (2011) (*n*=669)
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[Table 4](#T4){ref-type="table"} illustrates the Pearson correlation between BMI with WC and WHR. WC was moderately strong and positive correlated with BMI (*r* = 0.727, *P* \< 0.001) while WHR was poorly and positive correlated with BMI (*r* = 0.176, *P* \< 0.001). Results also indicated that WC was better correlated with BMI as compared to WHR for both male and female. Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"} indicate the ROC curve for both male and female, the cutoff point of WC among male at optimal sensitivity (87.9%) and specificity (82.9%) was 92.5 cm (area under the curve \[AUC\] = 0.93; 95% confidence interval \[CI\] = 0.87, 0.99), which is near to Caucasian cutoff point, and among female the cutoff point at optimal sensitivity (94.0%) and specificity (55.4%) was 85.5 cm (AUC = 0.87, 95% CI = 0.83,0.91), which is higher than the Caucasian and Asian cutoff points.

###### 

Pearson correlation coefficients between body mass index with waist circumference and waist-hip ratio across gender among Malaysian adults (2011)
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![Receiver operating characteristic for waist circumference among male respondents](IJPVM-7-82-g005){#F1}

![Receiver operating characteristic for waist circumference among female respondents](IJPVM-7-82-g006){#F2}

DISCUSSION {#sec1-4}
==========

This study showed that the BMI cutoff points for Asian gave higher prevalence of overweight and obese among the respondents compared to BMI cutoff points for Caucasian. However, WC cutoff points for Asian gave a higher prevalence of abdominal obesity among male respondents compared to WC cutoff points for Caucasian. This finding supported the WHO monograph on obesity which recommended even lower cutoff for BMI and WC for Asians.\[[@ref11]\]

Studies conducted locally using BMI and WC cutoff points for Caucasian showed that prevalence of overweight and obesity among Malaysian adults using BMI were 29.1% and 14.2% for males and females respectively in the Third National Health and Morbidity Survey in 2006.\[[@ref15]\] Meanwhile overall national prevalence of abdominal obesity using WC was 17.4% among adult Malaysian with women at higher risk (26.0%) compared to men (7.2%).\[[@ref16]\] A study among Indian found that the prevalence of abdominal obesity using WC were 46% in men and 64% in women and using WHR were about 12% in men and 68% in women (using the lowest cutoff points recommended for Asians).\[[@ref9]\]

In general, the result of this study showed that WC has a strong positive correlation with BMI as compared to WHR, which is congruent with findings from other studies. BMI and WC are more useful than WHR for predicting two or more nonadipose components of metabolic syndrome\[[@ref17]\] and WC was a stronger indicator of the risk of diabetes than BMI.\[[@ref18]\] BMI and WC showed strong positive correlation (*r* = 0.68--0.73; *P* \< 0.0001) with body fat percentage in both sexes, but the correlation was weaker for WHR (*r* = 0.30-0.41; *P* \< 0.0001).\[[@ref19]\] WC was also found to correlate positively and significantly with BMI compared to WHR in diabetic females and males.\[[@ref20]\]

ROC analysis in our study indicated that WC had the best sum of sensitivity and specificity compared to WHR. This is consistent with a study among Malaysian population which found WC is the better indicator for predicting CVD risk factors than BMI and the optimal cutoffs for WC were 83--92 cm in men and 83--88 cm in women.\[[@ref21]\] A study among Chinese population stated that WC is the best predictor of hyperglycemia and the optimal cutoffs for WC was 85 for men 82 for women.\[[@ref22]\]

In our study, the prevalence of abdominal obesity using WC was higher than using WHR. The WHR for both standard and Asian cutoffs detect more underweight and normal respondents as being abdominal obese may be attributed to the small hip circumference (in dominator) leading to high WHR. This is consistent with the finding among the Indian population.\[[@ref9]\] The limitations of our study were due to primarily the study among population not differentiated by socio-demographic characteristics such as age or ethnicity. Secondly, due to multiple missing data which prevent further analysis. However, the large sample size in this study make our results useful as a baseline data for future research, especially focusing on waist circumference as a screening tool for abdominal obesity.

CONCLUSIONS {#sec1-5}
===========

The WC shows strong and positive correlation with BMI as compared to WHR. Using both Caucasian and Asian cutoff points, the prevalence of abdominal obesity using WC were found to be higher than in using WHR, as the WHR for both Caucasian and Asian cutoffs detect more underweight and normal respondents as being abdominally obese. The optimal cutoff points of WC for detecting abdominal obesity in this adult Malaysian population were somewhere in between the Caucasian and Asian cutoff points 92.5 for males. The optimal cutoff points for WC among female was found to be higher than both Caucasian and Asian cutoff points.
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